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FOREWORD

This report presents the instrumented-impact test results for several new composite material
systems. This effort is part of the Characterization of Composites Program being performed for the
Naval Air Systems Command. Mr. Richard Schmidt is the materials technology administrator. All
tests were performed at the Naval Air Development Center. Composite material test specimens
were fabricated by Grumman Aerospace Company and the Naval Air Development Center. The
authors gratefully acknowledge the contribution to this research effort of Mrs. D. Heal who assisted
in the impact testing.
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INTRODUCTION

Graphite-fiber reinforced resin-matrix composites are firmly established as a major aerospace
material expected to comprise over half the structural weight of near future aircraft. The wide-
spread use and acceptance of graphite/epoxy composites in components of such advanced aircraft
as F-18 and AV-8B results from the structural efficiency, extensive characterization and manufact-
urability of the current, mature systems, such as AS/3501-6 and T300/5208. The epoxy matrixes
of these matL als, however, have prevented the structural engineer from taking full advantage of
the performance improvements possible through the use of graphite-fiber composites. While it is
the high tensile strength and modulus of the fiber which is responsible for the strength and stiffness
of a composite structure, the matrix is an essential element necessary to maintain fiber alignment,
stabilize the fibers against buckling and provide for load transfer between fibers. The current epoxy
resins are degraded by environmental moisture, drastically reducing their strength at elevated
temperature and limiting their continuous service capabilities to below 250OF(121 0 C). They are
brittle and easily damaged by low velocity impact, in some circumstances incurring substantial
internal damage while showing no visual signs of being struck. The designer is thus forced to restrict
these composites to load levels far below the capabilities of the fibers to compensate for environ-
mental effects and possible impact damage. Bismaleimide resin systems have provided improved
thermal resistance over epoxies but possess the same limitations. The material suppliers have under-
taken to address these limitations by formulating new resin systems to provide better impact
resistance, higher strain-to-failure, and improved hot-wet strength. The impact characterization
described in this paper was one part of a larger overall program fully characterizing several new
prepreg systems with respect to their physical and mechanical properties, see reference 1.

The materials being evaluated were divided into two classes based upon operational service
temperature. The AS4/Hercules 3501-6 graphite/epoxy was compared to the newer AS4/Hercules
2201-1, Celion High-Strain/Narmco 5245, and IM6/Narmco 5245C toughened epoxy systems in
the 250OF(121 0 C) service catagory. Materials tested in the 350OF (1770 C) service category were:
T300/Avco 130B, T300/Hexcel 81-5, T300/U.S. Polymeric V378A, XAS/Hysol 9101-3, and
HX/Hexcel 1516 graphite/bismalimides.

PROCEDURE

Equipment - A Dynatup Model 8200 Drop Tower with Dynatup Model 371 Instrumented Impact
System was used for the impact tests, figure 1. Cross-head weight can be varied from 7.0 to 32
pounds and impact velocities up to 25 ft/sec achieved. This tower can impose impact energies in the
range from 1 to 320 ft-lb so that the complete spectrum of composite failure mechanisms from
incipient damage up to through-penetration can be studied. Impact-force versus time and velo-
cometer output from the instrumented impact system are captured on a Nicolett Explorer III
model 206-2 digital oscilloscope. The curser trigger feature of the digital oscilloscope simplifies
testing as the force-time analog output itself is used to trigger signal capture. Further, the digitized
wave form then stored by the oscilloscope is directly output to a Hewlett-Packard HP9826 desktop
computer for analysis and data presentation.

Specimen Preparation. Quasi-isotropic, 16 ply laminates with [±452/(0/90)21 s stacking sequence
were fabricated of each material system from which individual, 6 inch square impact test specimens
were cut. Nominal specimen thickness was 1/8 inch. All specimens were fabricated from prepreg-
tape except the T300/V378A specimens which were made from balanced plain weave cloth.

Procedure. Each plate impact specimen was clamped in the drop tower along its edges between two
steel frames leaving a 5 inch by 5 inch square test section. A 1/2 inch radius hemispherical steel
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indenter was attached to the cross-head and each specimen was struck once at its center normal to
its surface. The cross-head was caught after rebound to prevent multiple impacts. All specimens
were inspected by ultrasonic C-scan before and after each test. All testing was performed at room
temperature in a laboratory environment. Impact energy was controlled by adjusting the cross-head
weight and drop height. Critical parameters determined for comparing the impact response of each
type of materials are:

(1) Load at incipient damage, Pinc
(2) Energy absorbed at incipient damage, Einc
(3) Maximum load, Pmax
(4) Energy absorbed to maximum load, Emax
(5) Total absorbed energy for through -penetration, Etot

A typical instrumented-impact output for a through -penetration test of AS413501-6 specimen
is showa in figure 2 identifying the various critical loads and energies. While the load and time
response is directly measured, the absorbed energy and displacement values are incrementally com-
puted from the measured initial velocity, cross-head mass, and the load-time history using the
methods of reference 2.

Three impact energy levels were studied:

(1) through-penetration (puncture)

(2) maximum load impact energy, Emax
(3) incipient damage

In this manner, a damage gradient is obtained for each prepreg system indicating its response over
the entire range of damage mechanisms from incipient to total puncture. Only one test was per-
formed per prepreg system per energy level. Through -penetration instrumented-impact test results
were used to establish the peak load energy level. It was not obvious from the through -penetration
test results when incipient damage had occurred. In most cases, incipient-damage impact levels
could be determined from the peak-load impact energy level test or a lower impact energy level test.
In those cases where none of the instrumented impact test traces clearly established incipient
damage, it was determined by reducing the impact level until no damage was detectable by ultra-
sonic C-scan.

RESULTS

Table 1 presents a summary of the critical impact parameters measured during these tests.
Table 2 and 3 present the individual test results for the 250OF and 350OF service systems,
respectively. Detailed data sheets for each test specimen can be found in the appendix.

250OF Service Systems. Impact force versus displacement response of the four 250OF systems are
plotted in figure 3. Figures 4 and 5 compare the energy and force results, respectively and figure 6
plots the C-scan damage area versus impact energy (cross-head kinetic energy at impact) results. The
I M6/Narmco 5245C demonstrated the best impact resistance, requiring nearly twice the energy to
cause incipient damage and a third more energy to penetrate as the other systems. There was little
difference between the response of the other three materials. In C-scan damage area versus impact
energy, the AS4/Hercules 3501-6 sustains the greatest damage at the 10 ft-lb impact level, but at
higher energy levels the four systems are similar.

2
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Our ranking of the impact resistance of the 250OF service systems is then:

IM6/Narmco 5245C

better Celion High Strain/Narmco 5245

equal AS4/Hercules 3501-6

AS4/Hercules 2220-1

350°F Service systems. The impact force versus displacement response of the five bismaleimide
systems is shown in figure 7. Figures 8 and 9 present the energy and force result comparisons and
figure 10 plots the C-scan damage area versus impact energy. Since the T300/U.S. Polymeric V378A
test specimens were made from plane-weave cloth, its impact response can not be directly compared
to the other, tape layup systems. The use of woven cloth generally results in smaller damage areas
as the delamination is inhibited by the direct mechanical reinforcement of the interlocking fabric
yarns. Of the tape systems, all had similar impact response, except for the T300/Avco 130B. It
experienced incipient damage at a third the energy of the other systems and required only half the
energy to be punctured. It also experienced the largest damage areas of all systems tested.

While the incipient damage levels of the better bismalimides were equal to the lower tempera-
ture materials, they were more easily punctured than the latter. Our ranking of the impact resistance
of the bismaleimide systems is then:

T300/U.S. Polymeric V378A Cloth

HX/Hexcel 1516

better equal XAS/Hysol 9102

T300/Hexcel 81-5

T300/Avco 130B

DISCUSSION

It is normally assumed that the initiation of damage in the composite-plate impact specimen
causes a reduction in stiffness which is indicated as a dip in the load-time trace. This point could
not always be established from the impact test output due to the presence of higher frequency
oscillations on the load analog signal which are the result of dynamic interactions between target-
plate and cross-head, figure 1. Further, the initial damage experienced in the matrix of the compo-
site plate may be so slight as to have negligible effect on the bending stiffness and so not appear on
the impact test trace. Thus, ultrasonic C-scan inspection was essential to establish the presence of
damage and aid in determining the incipient-damage impact level inthree of the nine systems tested,

Due to the amount of material needed to fabricate the relatively large test specimens required
for drop tower testing, only one impact test was performed per system per energy level. The 6 inch
by 6 inch by 1/8 inch specimen size serves both to simulate typical service support conditions and
to suppress the higher frequency oscillations present on the force analog output by reducing the

3
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effective stiffness of the target plate relative to the cross-head. Since the same large amount of
scatter can be expected in the impact test results as is typically encountered in composite static
testing, this is a serious disadvantage.

In ranking the impact resistance of different materials, high resistance to incipient damage
clearly is a desirable trait, so too is high maximum load. The maximum load can be interpreted as
corresponding to the fiber failure while the incipient damage load corresponds to matrix failure.
How the composite should be ranked based upon total absorbed energy, on the other hand, is not
so clear cut. The total absorbed energy includes the energy absorbed by the composite in the
creation of damage. It also includes the energy lost through the various dissapative mechanisms dur-
ing the impact event. Such examples are damping in the cross-head and within the specimen and
the frictional drag between the tup-shaft and specimen at the edge of the hole created in the speci-
men during the puncture test. We shall choose to ignore all these effects except for the creation of
damage in the specimen. Here again, the use of the ultrasonic C-scan inspection was essential in -
interpreting the impact test results. Materials which incur large areas of delamination which could
reduce a structure's compressive strength are less desirable than those materials which confine the
damage to a relatively small area. Materials which absorb little total energy but produce a small,
clean hole may be desirable in some applications, providing they also have high initial damage and
peak load values. If the structure is such that holes can't be tolerated, then materials which absorb
large amounts of energy in the creation of delamination surfaces may be preferable rather than the
low velocity impact threat penetrating the component. Generally, the best materials are those
which absorb the greatest amount of energy for the least amount of damage. Thus, total absorbed
energy is not in itself a useful parameter in ranking material impact response. The extent of damage
must also be known along with the type of damage the intended structure can best tolerate.

The incipient damage energy level for the AS4/Hercules 3501-6 is 1.2 foot-pounds. This repre-
sents the baseline level from which to assess the improvements achieved by the newer materials. The
IM6/Narmco 5245C, which had the highest incipient damage level of the materials tested here, more
than doubles this value with an incipient damage energy value of 2.7 foot-pounds. In practical terms,
however, a two or three-fold improvement over the 1.2 foot-pounds level still results in an easily
damaged material. The designer must still allow for the possibility of sub-visual damage occurring in
the structure. Thus, residual strength and fatigue testing of damaged composite specimens is required
to fully assess the effects of impact on the structural performance of a composite material system.

CONCLUSIONS AND RECOMMENDATIONS

1. The instrumented-impact testing was performed to make direct comparisons between the impact
damage resistance of different composite material systems using geometrically identical test speci-
mens. The through-penetration or puncture test, usually the single impact level investigated with
drop-weight impact towers, provides the majority of impact response data, but by itself is insuffi-
cient to describe the range of composite damage levels likely to be experienced in service. Nor can
it be relied upon to consistently provide incipient-damage impact data. A number of impact energy
levels need to be imposed in concert with an adjunct damage measurement method, such as ultra-
sonic C-scan, to fully describe the impact response.

2. The IM6/Narmco 5245C demonstrated the best impact resistance of the four 250OF service
temperature systems tested. The impact resistance of the Celion High-Strain/Narmco 5245, AS4/
Hercules 3501-6, and AS4/Hercules 2220-1 were essentially identical.

3. In the 350°F service catagory, the HX/Hexcel 1516, XAS/Hysol 9101-3, and T300/Hexcel 81-5
had similar impact resistance. The T300/Avco 130B had the lowest impact resistance.

4
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4. The resistance of the bismaleimide composites to incipient damage was similar to that of the
lower temperature systems, but the bismaleimides were more easily punctured.

5. The use of fabric composites seems to result in smaller damage areas than those of tape composite
laminates.

6. Residual strength testing, particularly compression, ; .eds to be performed in conjunction with
instrumented-impact testing to fully assess the structural significance of impact damage in
composite material systems.

5



NADC-85023-60

U)

C2,

"POW,

60



NADC-85023-60

GR#'EP 3501-6 01

2000- 50.9G

J- 160 40.0 4-
4o-

S1200- ma 30.0
63 C

0 Se-20.0

0
400- 10.0

a:

0 60.0

0.000 .002 .004 .006 .008 .010

Time (sec)

2000- MRSS- 31.36Lbm 50.0 2

Vo- 11.llFt/seec

Eo- 60. l2Ft-Lb400 .
1600840.

1200- ma* total 30.0 0L

63 C

L
0 sa--20.9

L
0

400- 19.9j I

0.000 .200 .400 .600 .910 1.000

Displacement (in)
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APPENDIX A

Instrumented Impact Test Data Sheets

and

C-Scan Results

Material System Page

AS4/3501-6 A-2
AS4/2220-1 A-16
Celion high strain/5245 A-30
I M6/5245C A-44
T300/81-5 A-66
T300/V378A Cloth A-82
XAS/9101-3 A-95
T300/130B A-108
HX/1516 A-122

A-1
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NADC/ETI-82U0 DROP TEST FACILITY 11:1/84
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7 B.7 8.415E-: 1.9') .9260 MaX:imum energy
7.7 B.415E-: 31.9 0 .9260 Ma,:imum displacement
73.7 8.415E-- 71.90 .9260 Final values

4..

_,i40.0

u4

10..
0_I 11 0 6EI-1O. .
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NADC-85023-60

GR/EP 3501-6

(in) 0  1 2 3 4 5 6

(cm) I
0 2 4 8 8 10 12 14 16 18 20 2224 26 28 30
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NADC-85023-60

NADC/ETI-20 ()' DROP TEST FACILITY 1/Z1/84

INSTRUMENTED IMPACT TEST

GR/EF 7501-6 #2

Drop weight 7.)00Lb Data disk MAT00803
Tup radius .500in DRM scale .4FK'n/Div
Temperature 74. 0 F Flag grid= .04CZin
VO 9.52ft/s abs(Vf) = 8.55ft/s
:.E. 9.86ft-Lb Vf(calc) = -7.03ft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)

I(]85.4 3.505E-7 9.86 .2983. MaXimum force
1-)7i,. 1 :.765E-. 10.0: .2002 Ma;; imum energy
1l70. 1 3.765E- 10.(02. .3002 MaXimum displacement

7.2 7. 125E- 4.55 .096. Final values

IaI
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- 00 2L.L0
U c
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GR/EP 3501- 6

(in) 0  12 3 45 6

(cm)
0 24 6 8 10 1214 1618 20 2224 2628 30
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NADC-85023-60

I " -- 1 L'F.I TES FA.IL IT'1

INSTFUMErNTED IMPACT TEST

GR/EP 75ui-6 #3

Drop weight 7.,.Z, OLb Data disk MAT00802

TUp radius = .50()i n DRM scale . 4LKn/Di v

Temperature = 74.0 F Flag grid= 0)4-)in

V(-, 6.67ftis abs (Vf) 6. 17ft/s

.E. = 4.8-ft-Lb Vf(calc) - -5.10ft/s

Lc,&d(Lt) Time(s) E(Ft-Lb) Disp(in)

o66.6s z. 85E-: 4.87 .22-7 Maximum force
658.2 A. I15E-3 4.96 .2254 MaXimum energy

658.2 4. 115E- 4.96 .2254 MaXimurm displacement

7.2 7. 8 E-7 2.C4 .0652 Final Values

a 0- rO/' -I - . 171 r3-7

_.I C I% - 1 C ?

u- / ' cx L

2 00 - --0L, 0 . 00 L

C11 C132 00 -1!$ C'% .0 Zb '

T i e -3 ::

2 .013 LI

A-8J

/ ," / 6,10~' -

/
'00• * ' .3.OA e-

-" ,, ,," " " ,, ," ,

L. .10 ,,' /0.000

/ _C',

D1i : F:' " r1 r .. r11 % '. i r, I
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GR/EP 3501- 6
#3

O (n) 0  1 2 3 4 5 6
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NADC-85023-60

-Ic L F I -2o ,RC ]ES FACILITY 1/-1/84

I N T 5 IIM!EN r El!D I M'A:T TEST

r' F. LEF' 75 ! --0 c -

rrop weight 7.oOLb Data disk MA!TO.R(R,1
Tup radi-us = .50,:ir- DRM scale . 21m. Div

rem,,perature = 74.0 F Flag grid-=cK .040in
V (_)= 4.83f t i
!... = .54ft-Lb Vf :c>alc: - .64ft/s

Loed(Lb) Time,(., E.k'(Ft-L_b> Di!p <in)

2:. 4 2.42*_- -E -. 19 .170B Initial damage
Q1 .5 4.-TE-3 2.62 .1811 Maximum force
4 . 4.61E-3 2.64 .1816 Maximum energy

4-.3 A. E-3 2.6A .1610 Ma'ximum displacement
4.0 8.718E-3 1.17 .0567 Final Valtues

MCA1 :', @ .5 .A _U

_j[

- .Do _9 :3. _000

- 0, - -L-0..0,

Li-

-1 lwi

I D

MO - 3.0- I
UT

011

T-rilne= f: rG .

54 O' -5 O @ ...

L

IT-

0 0
t :1l 3s .14 0=tO EC 20J . C1

,,,.---

i ac ac nerl. r
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GR/EP 350 1-6
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NADC-85023-60
H '.1' [P TEST F~iC1LITv ' -

IIST-DF:uMEJFEI 1H-FrtL7 JEST

CU ' cup L'J Qht I t. M. F Ji- TAT'J-J901
lip r 5iLIE S . F, i ~ ~ l1 2 ~D

t_ n

,z4. r1"'E IT)IL Lirvan c

1 .1 4 - .o 1 5'?'F-7 t N:i murn energy

1.. M a 50 Fa: a fnUm da dp Ia-c c-men t
1. 4 -1 I tIE -7 75 j Final va) LIes

NI

0 C7

-1 31 U

'4-'

__j .

"1 'a

S. ui

U, 0a 1: - La

0 0~

Ti3c 4 1ILI1
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N ADC-85023 -60

GR/EP 3501-6

viI

FIA I I

-'I .4 4 -

41

p '~'4" ** ~ ' ' I~* lf'' Ij'~ ' 4 'rJ~~ ~ ti

zI ) 1 k34 .
(ciii) I I pit,

0. 2A 01 1 81 02242 83

A-13r



NADC-85023-60
•- " -coZ'""u £DO EJ r  F/-1.LIT"4 ' -

IISRTPUMENTED IMFACT TEST

Drop w-eight 7.OOLb Data dis: MAT1002
Tup radiUS = .500i n DRM scale . 2Kn/Di v
Temperature 74.0 F Flag grid= .040in

7.8f ts

f.E. = 1.24ft-Lb Vf(calc) = -2.71ft/s

Load(Lb) TimQs) EO(Ft-Lb) DiEp(in)

277.4 4.617E-- .11 . 1324 Ma'ximum force
26. 4.84E 1.2 .1327 Ma>%imum energy

26Q.3 4.B4E- 1.32 .1327 Maximum displacement
25.6 8.792E-. .48 .CA92 Final vaIuES

5 DE . .2 .0,ii
J2

4 0,

I. n .91 (SID

0 EE
I .- I -,.

00-1-- II OiG

toi 0.- -.0

II-

0 - / 0 L0

I~10CE 0 12 Id 13.. , ,,11 .
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NADC-85023-60

GR/EP 3501- 6
#8 ___ __

'V14 .1KI
TIT,
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,, ; T, 4
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(cm)~!
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AS4/2220- 1
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N ADC-85023-60

2220-1 GR/EP

(in) 0  12 3 45 6

(cm)~ 0 24 6 8 10 1214 1618S20 2224 2628 30
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NADC-85023-60

NADC/ETI-8200 DROP TEST FACILITY 1/4/84

INSTRUMENTED IMPACT TEST

2220-1 GR/EF #1

Drop weight 31.36Lb Data disk MAT00601
Tup radius .500in DRM scale .BKn/Div
Temperature 74.0 F Flag grid= .040in
VO 13.89ft/s
K.E. = 93.93ft-Lb Vf(calc) = 10.98ft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)

1115.1 1.545E-3 8.97 .2565 Maximum force
89.9 6.865E-3 37.79 .9989 Max:imum energy
89.9 6.865E-3 37.79 .9989 Maximum displacement
89.9 6.865E-3 37.79 .9989 Final values

-':-'OBO -40 .C -
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.-- 0I P " - 1 .
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.. 1 0 1 0 .0 n'
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2220-1 GR/EP

(in) 0  1 2 3 4 5 6

02 4 6 8 10 121416 1820 2224 26 2830
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NADC-85023-60
NADC/ETI-8200 DROP TEST FACILITY 1/4/84

INSTRUMENTED IMPACT TEST

2220-1 GR/EP #2

Drop weight = 7.00Lb Data disk MATO0602
Tup radius = .500in DRM scale .8Kn/Div
Temperature = 74.0 F Flag grid= .040in
VO = 9.52ft/s abs(Vf) = 7.75ft/s
K.E. 9.86ft-Lb Vf (calc) = -6. 1C)ft/s

Load(Lb) Time(s) EC)(Ft-Lb) Disp(in)

989. 2 3. 595E-3 9.74 .3()39 Maximum force
888.4 3. 995E-3 10.04 .3078 Maximum energy
888.4 3.995E-3 10. 04 .3078 Maximum displacement

16.2 7.225E-3. 5.90 .1426 Final values

-JIi' 
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- i m:

L 6 00 -- ,. j% 1 12. E ,-
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2220-1 GR/EP

(in) 0  1 2 3 4 5 6

(cm 2 468 10 12 14 1618202224 2628 30
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NADC-85023-60

NAILC/ETI-82)0 DROP TEST FACILITY 1/4/84

INSTRUMENTED IMPACT TEST

2220-1 GR/EP #3

Drop weight = 7.00Lb Data disk MATO060C3

TUp radius = .500in DRM scale .4V:n/Div

Temperature = 74.0 F Flag grid= .040in

VC) = 6.67ft/s abs(Vf) = 5.95ft/s

IK.E. = 4.83ft-Lb Vf(calc) = -4.85ft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)

658.2 3. 525E-3 4.81 .2055 Maximum force
634.0 3. 915E-3 4.95 .2C) 81 Maximum energy

634.0 3. 915E-3 4.95 .]2081 Ma,:imum displacement

7.2 7.435E-3 2.32 .0663 Final values

JI/

0 --0.00 '
.,-'I'%:

0. 13. ,C- F3 21 . 0 t bF

7 *. I E: e r-
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2220-1 GR/EP

(in) 0 1 2 3 4 5 6
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NADC-85023-60

r4ADC/ETI-S2(") DROF TEST FACILITY 1/4/84

INSTRUMENTED IMPACT TEST

4
2220-1 GR/EF#

Drop weight = 7.OOLb Data disk MATO06;4
TUp radius = .500in DRM scale .2 n/Div
Temperature 74.0 F Flag grid= .040in
VO= 4.69ft/s abs(Vf) 4.27ft/s

K.E. = .40wt-Lb Vf(calc) = -3.54ft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)

478.4 .c45E-. 2. 47 .16Z2 MaXimum force
417.7 4.355E-3 2.49 .1651 Ma':imum energy
417.7 4.355E-3 2.49 . 1651 Maximum displacement

-218.5 7. 805E-3 1.07 .0699 Final values

50OC@. Cq - - 5 .Efo --6

.J

3-130. 0 -I

L I

LO. L .0
I
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NADC 85023 60

2220-1 GR/EP

SFAr

I 'AT I vI
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NADC-85023-60

1 J'~i Ell I r 1 F- -1 Tb ST

G'-1 EREF, 465

Drop wc- ght = 7. OOLb Dita di si i('S'
TOP r~dILITE 00 .5iKn D RM E clE .Tn /D
Tc-'r.,pe a tUre = 74.0( F Flaq grid= Q4ii

VI = :. ~92f t/s abs (Vf) = I7t/
I E. 1 1.67f t-1.b Y (calc) = -L.Ilf's

25. 4. 7 fE- 1.75.B7 A4l 1 ml irnLUfl

1.6 8 . 72E - .64 i-:77 Final valuesE

5F3C-i 47 2 tI~

-Jj,

0 0I
CI vij*~ -1IL J . -j11

LiiA 0 -/
ki-S

U-3 130

t 130 0 413
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2220-1 GR/EP

pA. fil

[ rR

I J
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NADC-85023-60

SE- E F -C I-

IN STRLIMENTED IrFP-I _T "P-)

22:'-1 GFEF, #7

Drop wei ght = . ,at- dl1 sI [ATI .? A

TUp r ,diu = .U:S)i n ER r scale .' -r i.
Teaipert U re = 74.0 F Flag grid= .,04Ci n

' = :. 7f t, abs(Vf) = +2 t

i.E. 1.2:, ft-Lb Vf (alc) =

Load(Lb) Time'E) EI(Ft-Lb) Disp(in)
- -

€  
- - - -_. - - - -

2 4. 1951 E- - .1171 Ma1imrUm force
221.8 4.45E- 1.30 . 1172 Ma;:imum energy
291.8 4.245E-7 1.:: .1172 Ma;imum displacement

3.6 8. 1B5E-. .42 .0321 Final valUeS

5 oo, o 2.CIEOC

.9

I)

- --. I--"

10 0 -4,00---.-

,-,i m
%, "L . F2 13 -

-U.

t 0 0 - -0 
1."

C' . BI I 07

D i p r1 .:= r-.a ,- r i r
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2220-1 GR/EP
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NADC-85023-60

Celion high strain/5245

A-30



NADC-85023-60

5245 GR/BMI
_ #10 __

( 0  12 3 4 5 6
( in)~ I I I I I I 1 11 1 1 1 1 1 -

(cm) I 8 10 1214 1618S20 2224 2628 30
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NADC-85023-60
NADC/ETI-8200 DROP TEST FACILITY 1/4/84

INSTRUMENTED IMPACT TEST

5245 GR/BMI #1

Drop weight 7.00Lb Data disk MATO0605
Tup radius .500i n DRM scale .2kn/Di v
Temperature 74.0 F Flag grid= .04C)in
VO) 4.76ft/s abs(Vf) = 4.50ft/s
K.E. = 2.46ft-Lb Vf(calc) = -3.79ft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)

451.0 4.225E-3 2.55 .1723 Maximum force
4.5.2 4.405E-3 2.57 .1727 Maximum energy
435.2 4.405E-3 2.57 .1727 Maximum displacement

3.6 8. 325E-3 .93 .0494 Final values

5 Obc. LI .- - "rl
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.. __.4~~~.' DO @,,. .. 1.

L.. -...

L
V

00 0000
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Do o I I- I o
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NADC-85023-60

5245 GR/BMI

.0,

~~~~~m Nor' ~y ~

not

o il, ,, 41,' 4" Q
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.]y~ ~IM, 4" ~ 1 ~ r ~ 4 ~ 44
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NADC-85023-60
NADC/ETI-8200 DROP TEST FACILITY 1/4/84

INSTRUMENTED IMPACT TEST

5245 GR/BMI #2

Drop weight = 7.OOLb Data disk MAT00606
Tup radius = .o500in DRM scale .4Kn/Div
Temperature = 74.0 F Flag grid= .040in
VO) 6.67ft/s abs(Vf) = 6.06ft/s
I.E. = 4.83ft-Lb Vf(calc) = -5.02ft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)
---------- ------- --------- --------

672.6 3.895E-3 4.91 .2260 Maximum force
649.2 4.145E-3 4.96 .2270 Maximum energy
649.2 4.145E-3 4.96 .2270 Maximum displacement

7.2 7.775E-3 2.13 .0754 Final values

1080 ,.,. , - 5 • .-t EN r,

/T

5_ e 0 0 -3 .N. 0 0 0 iu

\4 -. . / l

, 0. I I , A
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N ADC-85023-60

5245 GR/BMI

#2r

i~III

W4.

£ ikt

(in) 0  12 3 4 5 6

(cvvM)'
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

A-35



NADC-85023-60

NADC/ETI-82()0;) DROP TEST FACILITY 1/4/84

INSTRUMENTED IMF'ACT TEST

5245 GR/BMI #3

Drop weight = 7.00Lb Data disk MAT0)0607
Tup radius .500in DRM scale .8IVn/Div
Temperature = 74.0 F Flag grid= .04'in

VO = 9.52ft/s abs(Vf) = 8.13ft/s

K.E. = 9.86ft-Lb Vf(calc) = -6.49ft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)

1034. 1 Z.505E-3 9.94 .2853 Maximum force
944.2 3.705E-3 10.03 .2863 Maximum energy
944.2 3. 705E-3 10.03 .2863 Maximum displacement

16.2 6.945E-3 5.34 .1086 Final values

I
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, F30 3 . 0

N L

0rjV 0
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5245 GR/BMI

(n) 0  1 2 3 4 5 6
(ci) I III I I I I
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NADC-85023-60

NHDC/ETI-8200 DROP TEST FACILITY 1/4/84

INSTRUMENTED IMFACT TEST

5245 GR/BMI #4 &L' 7 "

Drop weight 31.36Lb Data disk. MAT00608
Tup radius .500in DRM scale .BKn/Div
Temperature 74.0 F Flag grid= .040in
VO = 11.49ft/s
K.E. = 64.34ft-Lb Vf(calc) = 7.74ft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(i.i)

1237.3 2. 225E-3 12.21 .3009 Maximum force
64.7 9.445E-3 37.85 1.0271 Maximum energy
64.7 9.b45E-3 37.85 1.0271 Maximum displacement
64.7 9.445E-3 37.85 1.0271 Final values

4 0. LA

2C'2
4-

2L0. IIv,

4.C , 0.0 D

Timr~e fa. '.

4- 0 10.0C4C
, ./ f
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5245 GR/BMI

(in) 0  12 3 4 5 6
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NADC-85023-60

F-' P , F EI -4 _ rb IL' F CU• I I 
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I., ,,*-, .--.. '. t. b Data di z'k '' .2

r E) F", = 5,-( n £rM Ecal e 12 niDi v
r ,;:,- L.... e = 74.0 F Flaq grid= .D4Oin

>.SE3ft/s abs(Yf) = 70ft/s

F .E. = .,5ft-I b Vf (caic) = -3. 12ftis
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5245 GR/BMI

'71
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(CM) 1

0 2 4 6 8 110 12 14 16 18 20 22 24 26 28 30

A-41
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-,- ET]-. ' [,F_ TEST FACILITY 3/!5 :4

INSTRUMENTED IMFACT TEST

5245 GR/BMI #7

Drop weight = 7.,:Lb Data disk- MAT01_)05
TLup radius = .00i n DRM scale .. /Kn/Di v
Temperatur e = 74.0 F Flag grid= .04f.])in

. 3. 12ft/s abs(Vf) = 3. f ti
i.E. 1.05ft-Lb Vf (calc) -2.48ft/s

Load(Lb) Timie(s) E()(Ft-Lb) Disp(in)

2607, 4.7S5E- 1. 1 .1240 MaXimum force
251.8 4. S95E-3 I. 13 . 1241 Ma:Ximum energy
251.8 4.895E-3 1.13 . 1241 Maximum displacement

4.t 9. 135E-3 .41 .0383 Final values

S lfCs Cs2.@B

-II

-4-n3 W7. 0 "--Q - I. Bn

*, "%~ N

.~._1

uI

too 0 .2400''

5 ,3. R - .JC'D2.

"-.-- 4-'

4 031.. '1'2 s L~

'4-

t ." E- a- Jl ,l l 9, r D LA-4

L~0 13

a -a w -
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NADC-85023-60

5245 GR/BMI

4I r

'It

I 1 ! o I

(in) 1 2 4 5
(c M)

() 0  1 4 3 4 50 621 6I 0 242 83
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N ADC-85023-60

I M6/5245C
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N ADC-85023-60

GR/BMI 5245C
CONTROL

4i,

(in) 0  1 2 3 4 5 6

(cm)~ I I I I I I III I I I('I I I
02 4 '810 12 14 181820 2224 2628 30
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NADC-85023-60

'~-IE ET 1-82,* K. DrOF- TEET FAC 1L ITY 4/26/6B4

INSTR:UMEN~TED IMPFACT TEST

Drop w*ei riht - 1.Data di - MEi(- 1
TL~p radIUEs = 50Ciin DRI' sca=le .BKriD i
TemnperatUr e =74. 0 F Flag~ grid= 0Q4 C)1n

=11.49ft/E

.E. 6 4.7:4ft-Lb V+ "Ca1c) = 
5 .9 7 ,f t/E

LoaFdkLb) Timeks) EiK,(Ft -Lb) Di sp (,n

17o9. . 1. 9B5 E - 11.14 . ::C Ma;11fIT *OrCC

127.7 1.7---J 5 . Ct) I . '-,--,L, Haxi mUm e-rEr .',

1-7.7 1. 75 E- C '5661 Hwa rINIm disEpi acefment
1277 .75 E -2 j . 1.56c-1 Final vadueE:

rr+.Ilk L

LL

~'C C -

Fj~- u - C,-

4 r7r-

QUO U~ r'

1 L
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NADC-85023-60

GR/BMI 5245C

t#1

(in) 0 1 2 3 4 5 6

(cm')I
0 2 4 8 8 10 12 14 16 IS 20 22 24 26 28 30
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NADC-85023-60

NADC/ETI-820')0 DROP TEST FACILITY 4/26/84

INSTRUMENTED IMPACT TEST

GR/BMI 5245C #2

Drop weight= 7.]OOLb Data disk MATO1106
Tup radius = .50C0i n DRM scale .8Kn/Di v
Temperature =74.0 F Flag grid= .04C)in
V8 8.13ft/s abs(Vf) = 7.09ft/s
K..E. = 7. 18ft-Lb Vf(calc) = -5.35ft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)

482. 1.68 5E- 2.59 .1558 Initial damage
848.9 3.245E-3 6.96 .2390 Ma-'imum for-ce
832.7 3.725E-3 7.33 .2442 Maximum energy
832.7 3.725E-3 7.33 .2442 Maimum displacement

14.4 6.855E-3 4.14 . 142 Final values

16 0
'4-'

I-

200+- 2.0i/

0- 0.0

beM,

I tL--- ID

2:11 6 13 -

.C-,

._,1 I1

L.j

- 00 0 .-: I

A-4-8

L 14; *:'' osr or t .. ir
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N ADIC-85023-60

GR/BMI 5245C

( 0 2 4 6 10121416 18:202224528628:0
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DROPTES FACLIMNADC-85023-60

INSTRUMIENTED IMPA~CT TEST

Dr'op we iht 7. OOLb Data dis[: MATC1IC)5
TL~p rzadlLIE; 5=() n D~RT1 sc~ale 41::n/Di v
Temperature 74. F Flag gri d= .04Q n

W. 7.58+t/a. MUMY-F 6.94ftis

.E. - 6.24+t-Lb Yf~ca~c.' = -. 4f

EBIm.4 0.605E-3 6.34 .2714 Ma! -mfr forCe-
774,2 1 755E-7 .. Z7 .2718B Ma IMLIM ene:-y
774.2 Z.755E-7 6.Z7 .: 18 tMa~iffiUr displacemnent

8.1 7.125E-3 2. r7A .074:7 Final Values

IL

I oL
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NADC-85023-60

GR/BMI 5245C

AA5



NADC-85023-60

NW.C'ETI-ECKK' PRDF TEST FOCILITY4!68

INSTRUJMENTED) INFPACI TEST

Drop w~eight = . (!Lb IVata di sk. T01 102

TLIp ra~dius~. .500Cian DhM sca~le - 2Kri/Di v

Temperatutre =74.0 F Flag grid= .040in

"a;. =5.29-ft/s abs4Y{) =.6+/

.E. = .04+t-Lb Y4:calc9 -Z7f/

5Q&7.A5~E-5 2'.? A t"! M anmuforneo

4=?4 :.875E-7 7A 4 . 161 C M&ifnLkrr displacement
4.(, 7.J75E-: 1.54 .0517 Final vaIlues

Q-4-

-iJ
7t

LLQ
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NADC-85023-60

GR/BMI 5245C

#4vk

I!Ij.

* it

(in) 02 3 4

(cm)~
0~ 2 01 41 82 242 83
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NADC-85023-60

NADC/ETI-82>O DROP TEST FACILITY 4/26/84

INSTRUMENTED IMPACT TEST

GR/BMI 5245C #5

Drop weight = 7.00Lb Data disk MATO I,)08
lup radius = .500in DRM scale .2VKn/Div
TemperatIre 74.0C) F Flag gricd=  .040in
VC) - .92ftis abs,(Vf) = 3.66ft/s
K.E. - 1.67ft-Lb Vf(calc) = -. 10ft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)

'72. - 7.685E-- 1.71 .1246 Ma>imum for-ce

-62.4 4.035E-3 1.74 .1258 MaXimum energy

-.62.4 4. (,5E- 1.74 1218 Ma' imum displacement
3.6 7.665E-7. .64 .0747 Final values

5, @. C- -2..E @ ....

l'%, ' ' ,4I L .100

1.1.00
I,~~ _\I \. r-

;00 0 -- -IT.
"' I' \" 1"-

i. E,1ri k.,, -:

.2

, rn-J

Ii - ---, C Bo

0 f - 00053f

I -

It . OLCi -04. 0 l 0 12IA
:E r-p 1 a- e ' r i
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NADC-85023-60

GR/BMI 5245C
#5

I

S"

.kl

>,rr

(On) 0  1 2 34 5 6
(cmi)' I III

0 2 4 6 8 10 12 14 16 18 20 2224 26 28 30
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NADC-85023-60
iJL'ET-8'DROF TEST FA4CILITY 4/26./64

INSTRUMENTED IMPACT TEST

Er c)2 wela ht i KQ.Lb Data d3i _ I. MAT 01006)
Tp ' I LIE n5''~ DRN sEcale .. n/Di'v

1 erpfr~tL~ -74. -- F Fl aq gra 0= Q'Un

:: 2 t -Lb ',,f 5,--)f t1 5 t/s

- ~ ~r'~- EI'4 Ft-LL., Lisp--ar

*7 Z. -. 2 ~ I1 ~ r1.1tc ene,-Q\
-. I~ *11$ r-ia-IML~fl: d3,Epla-Cerent

7 Ei~ - 52 Fi& a I~

F) L

N"

-T I- r .7-

S E,' -

t .'

4-~
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NADC-85023-60

GR/BMI 5245C

(in) 0  1 2 3 4 5 6

02 46 8 10 1214 1618S20 2224 2628 30
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NADC-85023-60

NADC/ETI-8200 DROP TEST FACILITY 6/21/84

INSTRUMENTED IMPACT TEST

GR/BMI #7

Drop weight = 7.00Lb Data disi MAT01204
Tup radius .50Oin DRM scale .4VKn/Div
Temperature = 74.0 F Flag grid= .040in
VC - 6.67ft/s abs(Vf) 5.B5ft/s
L.E. = 4.83ft-Lb Vf (talc) = -4.85ft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)

519.8 2.195E-3 2.82 .1581 Initial damage
68o.,, 3.5 25L-3 4.88 - 1.' Ma; imum force
67.2 3.775E-3 4.95 .2a-022 Mainun energy

66-7.2 3. 7 7 5E-3 4.95 .2072 Ma>,i mum displacement
8.1 7. 25E -, 2. 31 0675 Final values

.... ,' 13 0 a ,'6 -.@ O : -. .

t3 1" 7 - :

.1-

ag 
L

-r i ri1 , -,3 r

___1

S I
'S.,,,-'

F3 Oc - 3. CO ,- 0 .

T,. _ I'r

L/
U . - / ,-z ,

- -. 0 1 0

,./. ,/

- /'2 ,4 1C

Dli mp , Ijc. a ,+ r -t w j r i
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NADC-85023-60

GR/BMI 5245C
#7

(in) 0 1 2 3 4 5 8

(c M)~
0 24 68 1012 1418S20 2224 2828 30
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NADC-85023-60
NADC/ETI-8200 DROP TEST FACILITY 6/21/84

INSTRUMENTED IMPACT TEST

GR/BMI #8

Drop weight = 7.00Lb Data disk MATC1205
Tup radius = .500in DRM scale .4Kn/Div
Temperature = 74.0 F Flag grid= .040in
VO 6.80ft/s abs(Vf) = 5.95ft/s
K.E. - 5.03ft-Lb Vf(calc) = -4.73ft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)
---------- ------- --------- --------

500.0 2.035E-3 2.73 .1509 Initial damage
689.7 3..275E-3 4.94 .1975 Maximum force
666.3 3.725E-3 5.15 .2-2012 Maximum energy
666.3 3.725E-3 5. 15 .2r012 Maximum displacement

7.2 7.01 5E-3 2. 64 .072 Final values

-o

IM

,0.0

*1f 11 El- .C

-N ', '. 
- i

P, 0 L
" S

6/ 
, 

I.an0

ILI I

I ~ -4 - ---1-- : j - -0.

I @ ' 0 
I C, . "

-0

04-'

00

A, i Ii

C- .3 00 -400
Ll i-r. ' S-- I ac a m c- ,- ,m
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NADC-85023-60

GR/BMI 5245C

(in) 0 1 2 3 4 5 6

(cmi)' I5 I II
0 2 4 6 810 12 14 161820 2224 2628 30
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NADC-85023-60

NIDC/ETI-820(1 DROP TEST FACILITY 6/21/84

INSTRUMENTED IMF'ACT TEST

Drop weight = 7.Lb Data disk MATO1206
-[up radius= = . 50Qin DRM scale . 4Kn/Div
TemperIture = 74.0 F Flag grid= .040in
Q.. = 4.63ft/s abt(Vf) = 4.22ft/s

I-.E. = 2fTCt-Lb Vf(caiic ) = -3.56ft/s

Load(Ll-. Time(s) EO(Ft-Lb) DiE..p(in)
- - ---- - - --- ---- --- -------

45.2 7 .575E-7 2.3 .1406 Ma imum force
4:7.0 3.S55E-Z 2.41 11415 Maximum energy
477.9 3.855E-3 2.41 . 1415 MaIimutm displacement

S. 1 7. 765E-1 .?7 . 09E8 Final values.

I I -

I I-
I I ,ST

,, I r1.-.r3", -

LRL

']..

10C Pi rn_- c.mu=jE.

0 0130

0, C,

0-n

i .3 WE ze-E" I
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NADC-85023-60

GR/BMI 5245C
#9

(I0 1 2 3 4 5 6

(cm) 0 24 6 8 10 1214 1618 20 2224 26 2830
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NADC-85023-60

NAL'ClET D-82R0 DOF TEST FACILITY 6/21., E14

INSTRUMENTED IMPACT TEST

-F/M) 4i>

Drop wjeigcht = 7. (,<Lb Data disk MATO1207
Tup radius = .5@(i'n DRM scle .qKn/Div
Temperature = 74. F Flag grid= .04)I

4. 6t , _ 67i. = e.s /c -

. . t-Lb V(calc) = - 52 t/s_

LoadLbl Time(c) EO(Ft-Lb) Dispin)

447..5 74 5E- 2 .C 9 . 1472 Ma. ,iTun foc e
- -  

A 4. :75E- 2.42 1 3I41 Ma:: 1mum erer-v

4::.-2 . 4. ,25E - 2.42 . 1481 Mal', rru d i acement
7.2 .&lL5 .) .L45 ,  Fin a ,alues _

C, -4

5 -t B- . -_

4 -
'-1' I -" ' '

I . I. U

ILI.

-.B . NB N 13 .:}B, JiE

IIlnE_:e

IL

A-6

,4.. 1±'T

,-- I *1 .r

r " / -p-: .P L_

. .. . L -. -i tf ..

I.: I,"' I
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NADC-85023-60

GR/BMI 5245C
#10

(in) 0 1 2 3 4 5 6

(c M)'
0 2 4 6 8 1012 14 161820 2224 2628 30
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NADC-85023-60

T300/81 -5
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NADC-85023-60

81-5 GR/BMI
#12

,, q ' *Ai

il A

Ilk

-1 do#lt ~ k~~

j 4.4Ag
lit 4 .IL

'0 pr

On) 
3, 4 5 I js* l

(cm)
0 24 68 10 1214 1618S20 2224 262830
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NADC-85023-60
NADC/ETI-820(') DROP TEST FACILITY 1/17/84

INSTRUMENTED IMPACT TEST

81-5 GR/BMI #1

Drop weight = 31.36Lb Data disk MAT00702
Tup radius = .50)in DRM scale .4t::.n/Div
Temperature 74.0 F Flag grid= .04)in
V( = 1l.30ftis

-.E. 62.17ft-Lb Vf(calc) = 9.53ft/s

Load(Lb) Time(s) E()(Ft-Lb) Disp(in)

643.9 2. 147E-3 8.63 .2853 Ma'imum force
37.8 8.378E-3 20.58 1.0191 Maximum energy
37.8 8.378E-3 20.58 1.0191 MaXimum displacement
37.8 8. 378E-3 20C). 58 1.0191 Final values

-':

-"-

I'0

~~ C~'~4- i 17
LL i

'l(I... 0

UU

LI U

ILI. a 131k- jF -' i0 1

Sllull

7~ i f

0
4~ CC -

'--4

O . .4 t ' . ,3 E. 1 . . 0 l, 04 16
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NADC-85023-60

81-5 GR/BMI

#41

A Cl' I N-Ai

io,

t~4

(in) 0  12 3 4 56

(cM)
0 24 6 8 10 12 14 161820 2224 26528 30
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NADC-85023-60
NADC/ETI-8200 DROP TEST FACILITY 1/17/84

INSTRUMENTED IMPACT TEST

1-5 GR/BMI #2

Drop weight = 7.OOLb Data disk MAT00704
up radus = c50i M scal .4kn/Div

Temperaure Z 4.) 8 P ag gria= . 04)in
V(: = 9.52ft/s
K.E. = 9.86ft-Lb Vf(calc) = -3. 11t/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)

419.9 1.393E-3 2.56 .1530 Initial damage
597.1 2.678E-3 7.01 .2582 Maximum force
362.4 5.223E-3 10.05 .3357 Maximum energy
362.4 5.223E-3 10.05 .3357 Maximum displacement
31.5 8. 838E-3 8.95 .2466 Final values

20. A-

00 - - 1f3

ILI-.- Z

40 0.0

0.. OC-1 a )

7 m i' .3 L,Ii / , -

03 / OC-9 - -", J3.ED._

I LI V. I

Ir
~L-

Ilk '--] 13 ,- 0
0..

r/.' L"'L_

D ,.,. !r.,,,, p',
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NADC-85023-60

81-5 GR/BMI

(I0 1 2 3 4 5 6s

0 2 4 6 8 10 1214 1618S20 2224 26 2830
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NADC-85023-60
NADC'/ETI-B2C00 DROP TEST FACILITY 1/17/84

INSTRUMENTED IMPACT TEST

81-5 GR/BMI #3

Drop weight 7.00Lb Data disk MAT00706
Tup radius .500in DRM scale .4Kn/Div
Temperature 74.0 F Flag grid= .040in
VO 6.80ft/s abs(Vf) = 5.25ft/s
K.E. = 5.03ft-Lb Vf (calc) = -4. lOft/s

Load(Lb) Time(s) EO)(Ft-Lb) Disp(in)

398.4 1.613E-3 1.89 .1234 Initial damage
584.5 :. 408E-3 4.85 .2027 MaXimum force
524.3 4. 073E-3 5.15 209 2 MaXiMm energy
524. 3 4.073E-3 5.15 .--92 Maximum displacement

8.1 7.798E-3 3.25 .0798 Final values

-.. ,

... 6r5 n 6, L.,&

u- A IV - 2 4 -\U

I'DC- . ,. . D -OO b J1

0- 0.0

1 3. 17 -

- LO

.0.

LI A I c

2. DO .•400 5 01D
0 iI -0.10 _ r e ,". . ir
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NADC-85023-60

81-5 GR/BMI

(i)01 2 3 4 5 8

0 2468 10 1214 1618S20 2224 2628 30
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NADC-85023-60
NADL /ET I-82(-0- DROPF TEST FACILITY 1/17/84

INSTRUMENTED IMPACT TEST

B1-5 GR/FBll #4

Drop weight = 7.0OLb Data disV. MAT00708
Tup radius .SQOif DRM scale.2nDi
Teruperature =74. 0 F Flag grid= .040in

v it -. )4.B3ft/s
V.. .E. - 2.54ft-Lb Vf(calc) = 1.28ft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)

387.6 2.457E-3 1.83 .1210 Initial damage
426. 2 2.768E-73 2. 10 -13C00 Maximum force
-19--.4 3.313E-3 2.44 .1414 MaXimum energy

0).0 3.317E-3 2.44 .1415 Maximum displacement
0.09 3N I7E-3 2.44 .1415 Final values

*00 0. .

U

100.0-- L-000

V.,1

DO I - I0-0130

7Ti re -a c:

41 .C4 -1. . 013

Li

c,

0 0.
0 - 00

D z I a ar ,I ro 'I0
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NADC-85023-60

81-5 GR/BMI

(in) 0  1 2 3 4 5 6

(cm)~ 0 24 8 8 10 1214 1618 20 2224 2628 30
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NADC-85023-60

NADC!ETI-82'00 DROP TEST FACILITY 2/16/84

INSTRUMENTED IMPACT TEST

81-5 GR/BMI #5

Drop weight 7.OOLb Data disk MAT(-)08(')5
Tup radius .Oin DRM scale .2K n/Div
Temperature = 74. ) F Flag grid= .040i. n
VO) =4.63ft/s
K. E. = 2. 33ft-Lb Vf(calc) = -3.08fft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)

344.0 2.498E-3 1.54 .1,20 Initial damage
392.1 .213E-3 2.07 .1417 MaX imum force
344.0 4.318E-7 2.42 .153% MaXimum energy
744.0 4."18E- 2.42 .1533 Maximum displacement

4.-. 8. 147E-7 1.37 .057C) Final values

.4 ,3 -- 4 _ 4-

, \,.i , , D,

I [3[ a- / : D P

NN

ILI r-

iniir 1 t I 1 .

BC . -- .- 0.015C, RG. B,

5 30. 0 L -00
LJ

~4.UO~ .-

_ 4-C- BafZ' .0 - -:1- .- ri 1

'-4.-

_ .- i

5 or-, 5, ,C'-1 P"

- 3! . V 3.I'_~ '

AZ7,

,3 .o.n.. -.;u

L . E: 4 0 - '0. 0 0
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NADC-85023-60

81-5 GR/BMI
#5

®rl ~~

10

I~~ r'Ij Ir,,

(In) 0 1 23 4 5 6

(cnm)I I III I I
0 2 4 6 8 10 1214 1618 20 2224 2628 30
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NADC-85023-60
NADC/ETI-8200 DROP TEST FACILITY 2/17/84

INSTRUMENTED IMPACT TEST

81-5 GR/BMI #7

Drop weight 7.OOLb Data disk MATO08
Tup radius .500in DRM scale .2Kn/Div
Temperature 74.0 F Flag grid= .040in
VO 3.Bft/s abs(Vf) = 3.09ft/s
K.E. 1.63ft-Lb Vf(calc) = -2.57ft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)

231.8 2.945E-3 1.03 .1216 Initial damage
273.9 4.96SE-3 1.71 .1571 Maximum force
255.0 5.265E-3 1.72 .1577 Maximum energy
255.0 5.265E-3 1.72 .1577 Maximum displacement

1.3 1.033E-2 .94 .0455 Final values

150. 0 -4.00 "

4O[] I. / ,, L . t3I 4 - '-
'-4- I,

'  
.-

- ' / t-.

I-Ti

50acI. 0-- .3.C-o-3

331D.t 0 .

\ ++

-0

t .4.-.'

A-7
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NADC-85023-60

81-5GR/BMI

(in) 0  1 2 3 4 5 6

(cm)' i I I tI~ I i
0 2 4 6 8 10 12 14 16 18 20 2224 26 28 30
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NADC-85023-60

NADL/ETI-D200 DROF TEET FACILITY 2/16/84

INSTRUMENTED IMF'ACT TEST

81-5 GR/Br1I #11

Drop weight = 7.OOLb Data disk MATO08O6
Tup radi = .500i n DRM scale . 2Kn/Di v
Temperature = 74. C) F Flag grid= .040in

7.27ft /
.E. = 1.16+t-LL Vf (calc) = -2.56ft!s /

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)

27.8 4.0 3E-3 1.21 1177 MaXimum force
283.o 4.378E-3 1.2 .1142 Ma-'imum energv
283.6 4.78E-. 1.23 . 1142 MaXimum displacement

1.6 B. O88E-_, .47 .0,90 Final values

- E!3'. _' L.C- O II

LE

/ -- b
-LD; m 0.

" "71

_J

- T . t3 13.-0 L-

s7i

ItI
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NADC-85023-60

81-5 GR/BMI

(in) 0  1 2 3 4 5 8

(c M)I I
0 2 4 6 8 10 12 14 16 18 20 2224 26 28 30
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NADC-85023-60

T-300/V378A Cloth
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NADC-85023- 6 0

NAL)C/ErJl -8* F:ijF' TEST FACILITY 1 8

INSTRUMENTED IMPACT TEST

T-.C)/V:-7BA #1

Dro~p wei ght = i - 5Lb Lta dis M1 ri(')-9-U7

TLup radis =~ Cl. 00,1-u n [bRM szcal . On /Div

TemTpertUt e =74. 0 F FIlc, grid= 0U40in

VC) = 1.A9ft/s
V.E 64.74ft-Lb Vf(calc) 8.77,ft/s

Load(Lb) Ti~rne(f) EC'')Ft-Lb) ViE-p(in,

888.4 I1. 585E-7 8.06 .2ILI - Ma"IMUM fOrCe

672. 9 6. 815E-'z 29. 00 .8095 a:mmeeg

62.9 6.815E-3 29.0'-") .~9 Maiur 'ipae~el

62.9 6.815E-3 29. 00 . 8095 Final vizkues

-4-

-J -

20 - 10,1

IAI

Ca
-Jac )0.

*: ( A-83



NADC-85023-60

T300/V3 78A

(i)1 2 3 45 6

(ciiM)' I I III I
0 2 4 6 8 10 12 14 16 18 20 2224 26 28 30
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NADC-85023-60

NADC/ETI-8200 DROP TEST FACILITY 3/5/84

INSTRUMENTED IMPACT TEST

T3,0'>/V378A #2

Drop weight 7.00Lb Data disk MAT00906
Tup radius = 500 in DRM scale .8K.n/Div
Temperature = 74.0 F Flag grid= .040in
Vu 9.52ft/s abs(Vf) = 5.95ft/s
K.E. = 9.86ft-Lb Vf(calc) = -4.44ft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)

52T.4 1. 105E-3 .46 .1224 Initial damage

787.7 2. 15E-3 6.82 .2062 Ma>:imum force
660.0 c.8:5E-3 10.01 .2610 Maimum energy

66~0.( 3.B85E-3 10.01 .2610 Ma>imum displacement
14.4 7. 055E-3 7.80 . 1420 Final values

I -0 3

I d0I - . C -

'-"lI' J1 1J 1i ,
- F30 2. 0 .
U
C, *1 k  ,3

U. ---- - 0.

-

L ., _ .( I3 I / 
L2L , / ".r-

/ "V ,

T.i e I:c 9D

.[2

fro ,1 .0 V.

+ 1 002, a J 0 ..0 4 8,O
A-85

- 6[ I I
'- I I ,I I-

-.'I .' , ,t

I -.

LI 0I 0 _0 L

.2 '*0I . r
O DI

i ' l *:..rie i ' r.,
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NADC-85023-60

T300/V3 78A

ov2

All- iA

(In) 01 2 34 5s

(cni)' I I I i I II i. I

0~ ~~~~~~~~I 2T 01 41 82 242 83
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NADC-85023-60

!J~r, C LTI--_20.. TEST FACILIT"

INSTRUMENTED IMF'ACT TEST

T370C0!V 37 8A #3

Dr op weight = 7.OOLb Data disk MAT0C)905
Tup radius = .500in DRM scale .4k n/Div
Temperature = 74.0 F Flag grid= .040in
VO = 6.67ft/s abs(Vf) = 5.56ft/s

=.E. 4.83ft-Lb Vf(calc) = -4.53ft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)

516.2 1.565E-3 2.15 .1162 Initial damage
649.2 3.385E-3 4.92 .1778 MaXimum force
635.8 3. 505E-3 4.93 . 1780 Maximum energy
635.8 3.5)5E-3 4.93 .1780 Maximum displacement

7.2 6.755E-3 . 58 .0551 Final values

oo, M-
%o % b,'

--. 1 .171(3 7 .

_,

..... J / ,

20 - L- -00

- \. -, - 0. 000tO

, N,. ~

-T i me :2---3 o-

-4J

__ _ ---- 5.. 1 o: ....

L-.,o

_00 . L .000

o.,l 0.000

o bm 0c: "'"D"".,. I.,,1E I . 2_,f-2 03rl

i040 .i .lC1 12, ,1 380 . B

p" I a,1 c:: -a A e rl i r,
A-87



NADC-85023-60

T300/V3 78A

#3 ;qK

i, i 'T

IIf

ti ,I 4J

I It,

1' t

4f r
lot~

(in 0 2 3 4 5 a

0 2) 4 6 81012 14 1618 202224 26 2830
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NADC-85023-60
zl ] , EOP JEST FACILITY " -4

INSTRUMENTED IMPAC1 TEST

T 3:,)/YV.7BA #4

Drop weijeght = 7. OLb Data disk MATO0904
Tup radiuS = .500in DRM scale .2L n/Div
Temperature = 74.0 F Flag grid= .040i n

o= 4.83ftis ab= (Vf) = 4.12ft/s
.E. 2.54ft-Lb Vf(calc) = -3.76ft/s

Lcad(Lb) Time(s) EO(Ft-LbW Disp(in)

473.0 2. 705E-3 2.29 .1235 Initial damage
521.1 3.5E25E-3 2. 49 .1288 Ma.:imum force
423. 1 3.555E-3 2.61 .1323 Maximum energy
423. 1 3.555E-3 .2.61 .1323 Ma'imum displacement

4.0 6.90C)5E-3 1.33 .0403 Final values

I Ci2@ -5.CiBC- '-

ILI

4-'

t -1l3Cw C1020 3 B113C t

"H-

_J1 I,,

_ - ---

IU

ILI C

,-,7- . "-. L

. -J

x . . .C - . .

O,04 C, b~.Z •- iO R, C-1: .13 12 .- a:--[ ,[

D i 1 , a =:c: .3mer

A-89--I

~r

0[ .. t" L* 1D '

2-00, < -om i
€  LI0U

0 , t I I 0.000

A-89



NADC-85023-60

T300/V3 78A
Jp 4

kN'
Al. N K

I IIL

(cm)
0 2 46 8 1012 14 161820 2224 2628 30
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NADC-85023-60

N L, :_ i- _'* L.*-'. - lL±$ -AU:iLIT,' y: -

1NrSTRUMENTED IMPF'ACT 1ESI

T _h,0,/ '_. 7B8

Drop weight = 7.00Lb Data di=_A MATi.Z,('19'8
Tup raidi us = .50(ui n DF,: M Sca.R e . 21 n /Di,
Temperature = 74. 0 F Flag grid= .( 4,i n
V(-= 4.'2ft/s abs (-f) - 7..B8ftis
i.E. 1.75ft-Lb Vf (calc) = -.. 1'ft/s

Load(Lb) Tiue(s) E(ZC(Ft-Lb , Disp(in)

411.0 .05E- . 1.71 .131 Ma;,imum -forCe
402. : . 6 5 E- 1.82 .1165 Ma- i mu ener gv
402.0 -. 665E- 1.82 .1165 Ma;i'mum displacement

2.1 6.785E-. .71 .0791 Final va]ueS

Li

a 0

7i '\ ro "-

%"-.- 3I, '. f

_/ / 
\  -

- O . ,,- , "L. a:r_ t

-1130 l/

I.Z5 E-

to. 0.00 
t

o o • -000"tm~o

5 g .O' 1/. . OI

A-9
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,.a

00 " I I oo
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T300/V3 78A
#5
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NADC-85023-60
... . .. . . .. " -C iL I -: .. .

INSTFL'lNENIED IPF-ACT TEST

T _ZOO'-"Y7A #6

r .p we Qht = 7.Da(41 ta di st M1AT:0 1 a-) 1
Tup radi LIS = . 5:'' n L'RM s(: e , 2 Fr/-Di ,

Temperature 74.0 F Flag Qrid= .40in
f= .. d3ft/s abs(V+) = . 25ft/s

[.E. = 1.24ft-Lb Vf (calc) -2.74ft/s

Load(Lb) Time(a) EiO(Ft-L-t) DiFsp-in)

:47.6 7.3:.1. E-_ 1.28 '95(, MaB: i MU i force
:42.2 :..60 E- 1.70 .0958 t, i mum energy
742 2 . 6CE- 1. . C)958 Max i mUm di spl acement

4.() 6.76E0E-: .45 .0271 Final values

5~~~ Z7; i2~3~

L 130 0- 41i30

S--4-

AI

0 1:1d L . 23 DID '-

u
/u

-13.913D

L-, o _, / I

@i. O,a- .03£ . O .c~~ -O i" i-i1 .2 12

Time I

- , *'- ' L P IiL

.r".

. . ,. -_-.-- 1"
I -- - --
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NADC-85023-60

T300/V378A

Mitt.

4 4.0 
t !, 

t4

1', 0 ,tiI C. 1' *

i jN l h 44P . It , * -f 
t".,? 't'

'It-

¢ ' j . 2 :

VIN

iit,

iit1

4 
1

. 1 -.

() 4 6 810 Tt 14 1 14;4j
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of -114 V q . I oj jr I"4 '& ]
'19W'$~1&j~t 4 C, 4Jilt

(in) 0  123 45 6
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XAS/9 101-3
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NADC-85023-60

L ;ETI- L2'! f FIFC' P IEE I FY-'CILI1-Y 4.Y26,811

114STF-IIMENTED INF'AC! TESI

L-Iop weight = - -. bO -_ Data dis|: MAT C)I20 1

TuP radL - = . 5QKi n DRM scale .8Kn/Di v

Temperature = 74.k- F Flaq grid= .040in
= 11.49ft/-

I.E. = 64.34ft-Lb V i(ca1 ) = c.51 ft/ -

L :a d(Lb' Time(s_) Ei.,(Ft-Lb;, Li.Ep~in)

7-.8 1. 8"5E-7 5.71 .248: Ma; irmum force
6. S5E-, 82 -) 6 8565 Ma:jMmun energy
6. 8.3-;7-5-2 22.50 .& 565 rMa-,i mum displacement

77. o.885E-7 22.50 .8565 Final values

T

:e 3 i +

~I

I G -

._..7 Lo-

S, A-9- 6

I I'r [

7_ - ij I -___ -,( ,f '

! !
A-96



NADC-85023-60

GR/BMI 9 101- 3

II

(in) 0  1 23 4 5 6

(ciiM)'I II
0 2 4 8 8 10 12 14 16 18 20 2224 26 28 30

A-97



NADC-85023-60
NADC/ETI-2(ii- DFOF TEST FAf CILITY 4/25'84

INSTRUMENTED IMFACT TEST

Drop wej Qht = -. =Lb Data dl A MAT11 ,7
TUp radius = .50:in DRM scale .1k n/Div
TemperatUre = 74.0 F Flag grid= .04Wn
U;' = 8. 1-ft/s abs(Vf = 5. 23ft/s
,i.E. = 7. 18ft--LL Vf -Ica = - . 96+t Ea

Load ;Lt Time(s) E C(Ft-L T

7-41 .0 2. 95E-- 5 . B .2441 a:imu ~c
5,]Y9 ' .  4.505E-. 7 . 35 .2767 M&::imum eer-g.

.4.5-5E-T 7. .7 M7.-5 7rm o' -p aemnrt
('1 , I I.T: r ,s ,1a m r

i4.a 8.295E-- 5.5 . 1514 Fin&l va1lues

.3rK -{ a

-I-

41-1
2 v -4-

0-0221 Li 7

- i-

F- I

.I t' ,' '~ ! Ii , ,,I-

/2 0 C.,

A-98
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GR/BMI 9 101- 3

SIMj

p .. (~~u~

;.0 61,1 
F.

lilt ~
A~ ' k y o

It~ tN1 * QJ I ~L~ I

4II g1 ,

. pitl.

4 Lt~I l lw

* ~ w

(in)O 0 2 3 4 5 8

(cm)
02 4 8 8 10 1214 1618S20 2224 26 2830

A-99



NADC-85023-60

rbAL, ET1-82 ,, L4-')Q TEST FA4EILITY 4/. 'B'4

IIJBTf:lUENTELD IMPAC] 'EST

,- OF ,e- oht = 7 . (.L)at di MA'T ) 1 4

ILI, radUL -  = .s5". D cM atal e . .4n /Dv
T Epetature 74.0 F Flag grid= .O4in

S7.4 L f t"s ab_(Yf) = '.29ft/s

5. . = 5.c't -Lb Y f -,fc& c" 5. 25+t'.

Lced (L IT E-:, E E,-I(Ft-LL,' I p : n

I . t5 5.54 .?450 M e-- mm +orc-
1S5, 4. IS5 E - 7 6. 11 ._=.'.' a.:imu1IT enerav_

71E. 5 4. 1E5E-T . 21 . 54 '  1la": mum ib2 Ep 1a eme7 t
6. 7. J, S5E-. .841 Final value--

9 --

1

,3 F j@,

-- ' ,; ] i -. - "
I -L

- ., I

"r,,,

r C C'EJ

[7, j /' "3 I-, V lb

tt

I -
-J I Aj I

'--- T" - , T- " ' l

.--- 75y. I

Z7
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GR/BMI 9 101- 3

31 3

t4
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o 2- 3 45
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NADC-85023-60

fAAD[ /ET1I-132k*w- E-F.C!F* TEST FfiCILI TY

INSTF"1LlI1ENT,1EL- IMFt~.j TEST

T1UP r.-dlLtE. Df-RV ~ce. 1e:-I.n
e m pe r atLt re 7A.() F Flag~ crid= -~t!

%)- .-. 4 t/ eb'i (Y{ '. 4. 57,-t'
IE. 14 *1vt-Lb Y{vl+Ce!c"

4 -o .' .c ~ L~ t, 1-' 1 fl::iTL: er Ftrb

7. 1.7 1C76 Fn1 vaL~lu e

5 wC' I Ila/\ I 9.ILT; ei--

7 0" Ll' Y

to -- 000

B I ri

r

t~ v c

-- - ______A -2 rM
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GR/BMI 9 101- 3
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NADC-85023-60

!-;[ I - >'. DFOF TEST FACILITY A,2 , 894

INSTRUMENTED IMF'ACT TEST

Drop weight = 7.K'kLb Data disi HAT 1 1 ')I
TLtp radiL- .50in DRM scale .2Ln/Div
Temperature = 74.0 F Flag grid= .040i n
v = *:.17ft/s abs(Vf) 2. 87ft/s

E. = !. 1 ()+.t-Lb Vf.,calc1 ) -1.97 t/s

Lo.d,"Lb) Time,Eo EO(Ft-Lbt Disp(in)

234 , .75E- i.7.4 6 Ma':I mum f c,r ce

.5 5 .555E-- 1. 18 . 17-70 Ma,:imum energy

2Q. 5 5.355E-2 1. 18 . 1Z:0 Maainum displacentent
4.0 .25E-3 .72 .064'66 Final valLeE_

'T -to- e

.IOC 17, L~3C 4

Ic
t

'-V

A-104

4 O,:, ,- L I , .-

-3PC.. t.2B-.. ..

L,." .,d- ,, - ', . e- _ _- L

,+,+ ,.,.,) . - -. o

--" - - - -- ,-E"

-[,.A-104
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GR/BMI 9 101- 3

#5V

A.".4

7~

Aw,

'lotj ~

(in)~i 0 2 3

(c M) 2* 01 41 82 242 83

A-10



NADC-85023-60
'EI-B>LIFCIP TEE-1 FACIL ITY

I NSTF:LtE.NTEE' I MFACT T EE1

Drop w'ei Qht 7. (-),-Lb Data diskL M A T 01 C) C)7

TLt~r: radIUtS 5o *5C' DRIM scale .K/i
TemperatUre =74. ( F Flag grid= O4oi n

7 3. Oft/--. 2bSz-(Vf) 14+t/5
K. E. I l. 1ft-Lb V+ (Cal C) = -25f t'

Load(L-b) Tiam.e(s) E,(Ft-L.) D.,spiin.

274. 7 4. 7-,,5 E .- 1 I.25-, .1 51 Max'iMUM fOrCe
2&A. 4 5.-E3 12 158 M&,:imL~rn I-eergy

&~. 505F- I.2 .13581 ME IMLM; dai-placemernt
61 1-- SIE- - .49 04q13 Final ValUes

T

A L~

to s 3r

5 . 0 .C1 2~3 .C2- ..

Tim 0.., 13

S 3 .~ (7,..

IjPf
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GR/BMI 9 101- 3

(i)1 2 3 4 5 8

(cm) 1
0 24 6 8 10 1214 1618S20 2224 2628 30

A- 107
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T300/1 30B
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NADC-85023-60

A 130 GR/BMI
#8

hVV

141

H I4

Ant

(in)~ 0 2 3 45

(cmi)' I I I I
0 2 4 6 8 10 12 14 16 18 20 2224 26 28 30

A-109



NADC-85023-60

udI)C/E-T 1-2,) DROP TEST FACILITY 1/17/8A

IN5TRUMENTED IMPACT TES7

A C1)- GR/ £EMII

Drop w-jei ght 31. 6Lb Data disk MATc)0701
Tup radits ! .5,;Cin cM ale .8n/Div
Temperature 74. 0 F Flag grid= .-)40in
V) = 11. lift/s
L.E. = 6.12ft-Lb Vf(calc) = 10.37ft/s

Load(Lb) Time(s) Eu(Ft-Lb) Disp(in)

294.9 1. 155E-7 1.98 .1553 Ma",imum force
77.3 5. 845E-7 9.69 .7511 Ma;:imumn energy
77.3 5. 845E-3 9.69 .7511 Ma:imum displacement
77.: 5.845P-3 9.69 .7511 Final values.

e"0 . UO O
T5r I

L 13CI 0 f

0 C-i .1,3 CI -I-CibE 1

C-1 -U4 -1 t3 C-1

u L-

/ C

LL 1 3. g7I I lo it,.

580.0 /.0

'-0- B

.. EC., ./- "r .L

r

-'3 O .A II10"

'I . '

I / ,--, -

II "



NADC-85023-60

A 130 GR/BMI

0#1

p Pit

.Ott
it ~Lf

ft ~

(in) 2 34 5

(c ) II II I 1 1 1 1 1 1 -

0~~~ 2;p 4 6 01 41 S2 242 83

A- 1



NADC-85023-60
NPrC/ETI-82C) DROF TEST FACILITY 1/17/04

INSTRUMENTED IMPACT TEST

A1 GR/BMI #2

Drop weight = 7. OCLb Data disk MAT0070:
Tup radius = .5Oin DRM scale .4Kn/Div
Temperature = 74.0 F Flaq grid= .040in
VOZ  9.66ft/s
f.E. 1u(-). 15ft-Lb Vf(calc) = .84ft/s

Load(Lb) Time(s) EO)(Ft-Lb) Disp(in)

291.4 1.9B3E-3 3. 11 .2167 Maximum force
62.9 8.888E-3 8.94 .6762 Maximum energy
62.9 8.888E-3 8.94 .6762 MaXimum displacement
62.9 8.888E-3 8.94 .6762 Final values

3 _[0. 0 6. 0
4-'

L 0 flrI'f'I= . 2 0

Io / 1./t I oo

0.0-- Y I /
C1, BE4C@ C-2 04 C1 E40; . Ef 1,31

"T CIE rn F3 U --. r ".

.4--
-II

LAL
._ 0.0@ 00 _.

"---

0. /'00A C,

oA I I 1 o

A-1 12



NADC-85023-60

A 130 GR/BMI
#2

I ' to

4 , k4.. I

U I i i . ':#i.' I '

, . ' ' f 4;,. ''

4 . fi U , ,"

(in) 0 1 2 3 4 5 6,

4 p V I I 4 I 4

(c) M)0 2 4 6 8 10 1214 16 18 20 2224 26 28 30

A-1 13



NADC-85023-60

NADC/ETI-82(:)(0) DROP TEST FACILITY 1/17/84

INSTRUMENTED IMFACT TEST

A130 GR/BMI #3

Drop weight = 7. 001-b Data disk MAT007)05
Tup radius = .50hi n DRM scale .4Kn/Di v
Temperature = 74. 0 F Flag grid= .040Ln
VO = 6.80ft/s
K.E. = 5.03ft-Lb Vf(calc) -. 64ft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)

265.3 1.918E-3 1.91 .1447 Maximum force
205.0 7.608E-3 5.22 . 3282 Maximum energy
205.0 7.608E-3 5.22 . 3282 Ma':imum displacement
164.6 8.423E-3 5.17 .Z.25i0 Final values

5 Br Ci 1C', a

-100, tj j ,

-JJ

II

U7 c

L_ LD. r0 n ,

_Qo

LI

.1 0l - " G 0

.4--

o>3Df I I I I L

c

OOC. .r BQ . .,I. ',I,'B, 1

5-, 0R e "

LBO 0-

IL

00- 0 .0I

A-I 14



NADC-85023-60

A 130 GR/BMI

9A3

.,I oi

() 0  12 3 4 5 6

0 2 46 8 10 1214 16 1820 2224 2628 30

A-115



N ADC-85023-60
NADC2/ETI-82.DU- DROFP TEST FACILITY 1/17/834

INSTRUMENTED IMPACT TEST

A IC GR/'rI #4

Drop weight 7. OO)CLb Data disk M AT 0 7 (-)7
Tup radiUS - 500~in DF.M scale .n / D iv
TemperatUre 74. 0 F Flag grid= 040i n
v(- 4.73ft./s

K.E = 2.47.ft-Lb Vf(calc) = -1.87ft/s

Load(Lb) Time(s) E(O(Ft-Lb) Disp(in)

177.1 1.078E-3 .42 .0595 Initial damage
2 6 -. 3 -7.81@E-7% 2. 14 .1653 Ma'Ximum 4orce
23-2.(-- 5.59--E-3 2.54 .1850-- MaXIMUm energy

72.0 5. 9E -3 2.54 .18 5 ( MaXimum displacement
71.9 B.A12-E-3-: 2.14 .1478 Final ValUes

~13Ci LI 5.0

0 0

7 i2 mADr e ;.

5 1

4 L':. 1 I

310 0 - /. 00
1*,1 C:

Tim6A- 16E-



NADC-85023-60

A 130 GR/BMI
#4

A NY
44I ItIit,

;;~~~~ ;'oc ~:

40'

tr II

* 1 'ii. 8 
. 4t4 Ojp; 1440

(in) 0  12 3 4 5 6

0 2 4 8 810 1214 161820 2224 2628 30

A-1 17



NADC-85023-60
NADC/ETI-82g0 DROP TEST FACILITY 2/27/84

INSTRUMENTED IMPACT TEST

A13 C GR/BMI #5

Drop weight 7.OOLb Data disk MAT0C903
7up radius = .5c'0in DRM scale . 2.n/Di v
Temperature 74.0 F Flag grid= .040in
VC)= 3.88ft/s abs(Vf) Of t t/s
K.E. 1.63ft-Lb Vf(calc) = -2.46ft/s

Load(Lb) Time(s) EO(Ft-Lb) Disp(in)

182.4 1. 935E- .54 .8)61 Initial damage
266.9 4.465E- 1.6: .1526 Maximum force
249.6 5.295E-3 1.72 .1572 MaXimum energy
249.6 5.295E-. 1.72 .1572 Maximum displacement

1. 1.O11E-2 I.Q1 .0582 Final values

5 F3 . a 2. .....

-4-
__[2

tic. 97 - L-iF3BC

II

1130.~ 0 40

'Th tl "" e .I -nne l-= E :

5 ,13 0 -

300c-, 0~. 13LI~

_.J

uI

40 i-a L.IBOO H-

_ _Id ... -" 1,,0

t 0-
- 1. ." ,,,"/ .2 , 0

,,L. /. - V..-,j ' .

D i or r . '-:: p -1 r E. r, r i i
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NA DC-85023-60

A 130 GR/BMI
#5

On) 0  1 23 4 5 8

60 Mi)'i ,I II
0 2 4 6 8 101214 1618S20 2224 2628 30
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NADC-85023-60

NADC/ETI-82uQ DROP TEST FACILITY 3/15/84

INSTRUMENTED IMPACT TEST

A130 GR/BMI #6

Drop weight = 700Lb Data disk MAT OI003

1up radius = .500in DRM scale .2Kn/Div
Temperature = 74.0 F Flag grid= .040in
VC.- *.37ft/s abs(Vf) = .773ft/s
K.E.= 1.23ft-Lb Vf (calc) -2. 3()ft/5

Load(Lb) Time(s) E(0(Ft-Lb) Disp(in)

15?.2 2. )75E-3 .43 .080 1 Initial damage

2.T4.7 4.715E-3 1.26 .1383 Maximum force

218.5 5.445E-3 1.31 .1414 Maximum energy
218.5 5.445E-3 1.31 .1414 Maximum displacement

4.0 1. ()57E-2 .68 .0470 Final values
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NAIL-.'E I0-820i' DROF TEST FACILITY 6/21/34

INSTRUMENTED IMFACT TEST

Hl.'. 1516 #1

Drop weight = 31.36Lb Data dial. HMATC 12.2
TUp radiuS = . n DRM scal e .8 niDi v
Temper-ature = -/.0 F Flag grid=0 .n

V' = 1i.4?t = ab.YV, fCl+t E
..E. = o4. 4{t-Lb VY.cai) = . 4ft! 

Loao(Lb) Time(-_' E (Ft-Lt.) Disp(in)

. 5 3 1 . ,5E-. 6.26 .2:27 a mu f orce
6 . 6. 12 5E - T 6 N- 1 f-,,i T, ene ,'

66.5 1.i25E-7 22.5: 7618 MlE.imuMM dI Ep1acement
66.5 5 6. 125E-7 2., .7618 Fina values
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NADC/ETI-E32'_i( DROF' TEST FACILITY 06/21 /B4

INSTRUMENTED IMPACT TEST

Drop weight = 7.-)OLb Data di sk MATOI207.
Tup radiu _ = 50in DRI scale .4F:.Ln/Div
Temperature 74. 0 F Flag grid= .040in
Vi= 6.6 74t/_. abVf) = 5.5ft'
I.E. - 4.-f't-Lb Vf(calc) = -4.55ft/s

Loed(Lt) Time E((Ft-Lb) Disp(in)

E58.? I.705E , I.65 .1.-9 Initial damage
6-2.2 ,..565E-: 4.7t, .2111 Ma:imum force

60,9.7 4. 045E-- 4.9o .2149' Max imum energy
60(-. -7 4. 045E-7. 4.96 .2149 Ma': 1 mum displacement
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